The empirical assessments of the traditional teaching approach of lecturing in the undergraduate classroom indicate its ineffectiveness in the learning process. This traditional pedagogy has been identified as one of the major reasons adversely impacting student engagement and motivation, especially in the science, technology, engineering and mathematics (STEM) fields. Research on learning provides strong evidence that active-learning can have a positive impact on student learning outcomes. The biggest challenge with incorporating active-learning strategies in the classroom is the time constraint of the traditional class period. One of the approaches that is finding increasing acceptance among educators is the use of the flipped classroom. This paper shares details of the impact of active-learning on academic achievement of students from groups underrepresented in STEM in introductory mathematics and aerospace engineering courses. The results indicated that the performance of students who took the courses with the active learning improved.
Introduction
th century and the last almost two decades of the 21 st century have seen an exponential increase in discoveries and inventions that have found extensive use globally and have spawned ever expanding job and career opportunities. The younger population (25 years and below) is a major consumer of the technological products developed as a result of these scientific discoveries and inventions.
However, despite the very obvious advantages of an education and expertise in a science, technology, engineering and mathematics (STEM) subject, the U.S.
STEM work force is not growing at a rate to fill the available and projected jobs.
The reason for this problem is well recognized as the "leaky" STEM education pipeline. Several constructs have been identified that impact persistence, retention and academic success. These constructs include self-efficacy, motivation and engagement. Bandura [1] defined perceived self-efficacy as "belief in one's capabilities to organize, and execute the courses of action required to produce given attainments, the perception to do tasks and achieve goals". Motivation is the result of psychological processes driven intrinsically or through external influences that "direct, energize and maintain action" towards a goal [2] . Deeper learning has been linked to cognitive engagement of learners [3] . However, these constructs are not independent but play a complex interactive role in the academic process. The effect of self-efficacy on behavioral, cognitive and motivational engagement has been reported by Linnenbrink and Pintrich [4] . Self-efficacy has been identified by Schunk and Mullen [5] as a key variable that influences motivation and engagement in the classroom. A meta-analysis of 114 studies by Stajkovic and Luthans [6] found a strong correlation between self-efficacy and performance. A correlation between motivation and students' perception of progress and learning has also been reported by Schunk [7] . Yusuf [8] found a strong correlation between self-efficacy, achievement-motivation and self-learning strategies in his study of 300 undergraduate students. A major reason for school dropout is underachievement resulting from low academic motivation [5] . Thus, student engagement with the learning materials is an important aspect for student success. Handelsman et al. [9] identified skills, participation/interaction, emotional, and achievement as four reliable dimensions of student engagement at the course level. Learning environments that emphasize these dimensions are gaining popularity. Problem-based learning and project-based learning which are active-learning pedagogies are examples of learning environments that promote student engagement [10] [11] [12] [13] . These active-learning approaches fall under the category of inductive learning [14] .
Active-learning "engages students in the process of learning through activities and/or discussion in class, as opposed to passively listening to an expert. It emphasizes higher-order thinking and often involves group work" [15] . Active learning provides opportunities for meaningful academic activities which has a positive impact on retention especially of first year students [16] . The classroom is therefore rapidly transitioning from a teaching-centered to a learning-centered environment as a result of a recognition of the positive impact of active-learning. However, the biggest challenge to incorporating active learning in the classroom is the duration of the class period. One of the approaches to freeing up class time for active-learning is the "flipped classroom". In the flipped classroom approach, the "lecture" is moved out of the classroom in the form of engaging audio-video enhanced learning material for students to study before coming to class. The classroom time can now be effectively dedicated to carefully designed hands-on activities that strengthen the concepts, provide opportunities to move towards skills automaticity and enhance critical thinking skills. An increasing body of The effectiveness of the flipped classroom in allowing the incorporation of active-learning in the classroom reported in the research literature was the motivation for this research. This paper provides details of the impact of active-learning on academic achievement of students who were primarily first-generation college students and were from groups underrepresented in STEM.
Method
Active-learning strategies were implemented in lower level math and aerospace engineering courses. These courses were Pre-Calculus Algebra, and Pre-Calculus Algebra and Trigonometry, Introduction to Aerospace Engineering, and Aerodynamics-I. The learning materials were posted a week prior to the class meeting. The class size is 25 to 30 students per class. These learning materials consisted of annotated power points, videos explaining the basic concepts. The content of the online pre-class learning materials corresponded to the knowledge and comprehension levels of Bloom's Taxonomy [37] . These videos were designed such that the typical content of a traditional lecture which usually is no more than 20 -30 minutes was provided in 2 -3 videos of a maximum of 10 minutes each. The materials in the videos consisted of annotated PowerPoint explanations, pictures, embedded animations etc. For-credit short quizzes to test some of the basics that were explained in the videos were part of the online pre-class resources. Students were expected to watch the videos and required to take the short online quizzes. The objective of the quizzes was twofold. Firstly, the quizzes consist of simple questions over the pre-class materials (mainly videos) to make sure that students are ready for the in-class active learning to reinforce these concepts. Secondly and more importantly, the performance on these quizzes would provide information on the level of understanding and challenges faced by the students in understanding these concepts.
The class meeting time was then utilized to engage students in activities that were on the higher levels (application, analysis) on Bloom's Taxonomy [37] .
These activities included group work which facilitated peer-to-peer learning, problem-solving, explaining concepts/problem solution to peers etc. The performance on the online pre-class quizzes was used to provide in-class work to clarify and strengthen the concepts that students experienced difficulty with.
Other techniques such "Jeopardy" games were used to engage students in learning the concepts.
The research design was a between-group quasi-experimental design. The intervention group consisted of students who were enrolled in the flipped courses that afforded active-learning interventions, while the control group consisted of students who had taken the courses in a traditional format. The academic performance of students who were enrolled in the flipped classes (intervention group) was compared at the end of the semester with performance of students who were enrolled in traditional courses (control group) in the previous semesters. Both groups were taught by the same faculty to minimize the teaching variability.
The participants in the intervention group were: Pre-Calculus Algebra (Math 107; n = 21), Pre-Calculus Algebra and Trigonometry (Math 110; n = 21); Introduction to Aerospace Engineering (AENG 100; n = 30) and Aerodynamics-1 (AENG 244; n = 17).
Results and Discussion
The academic achievement of the students in the active-learning classroom (with As indicated by the results, active-learning (with the flipped delivery) in the lower level courses in math and aerospace engineering not only resulted in increased success rates but also in higher academic performance of students.
Future Work
Additional lower level courses in math and aerospace engineering are being designed with the active learning approach. The success, effectiveness and best practices will be shared with faculty to motivate them to consider using this pedagogical approach to positively impact student learning outcomes, success and persistence in science, mathematics and engineering majors.
